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Abstract 
Efficient, compact centrifugal compressors with higher pressure ratios along with adequate surge margins are required for the 
future. Achieving these necessitates development of newer non-conventional diffuser designs and rotating vaneless diffusers is 
one such concept. One method of reducing the shear losses on the stationary vaneless diffuser sidewalls, with probable 
improved efficiency and flow range of low-to-
of rotating vaneless diffuser is forced rotating vaneless diffuser, in which the rotational speed equals that of the impeller and the 
rotating vaneless diffuser is integral with the centrifugal impeller which is created by extending the impeller disks beyond the 
blades. In the present paper, the effect of extended shroud by 10% with impeller exit diameter are analysed on flow diffusion 
and performance and compared with stationary vaneless diffuser. The higher static pressure rise with reduced losses and 
increased efficiency is achieved by shroud extension. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the organizing and review committee of IConDM 2013. 
Keywords: Centrifugal compressor; shroud extend; impeller disk; rotating vaneless diffuser; stationary vaneless diffuser  
1. Introduction 
     Efficient, small centrifugal compressors with higher pressure ratios and adequate surge margins are required for 
the future. Achieving these requirements necessitates development of newer non-conventional diffuser designs and 
rotating vaneless diffusers is one such concept studied and tried out by the researchers. One method of reducing the 
shear  losses on  the  stationary  vaneless  diffuser  sidewalls, with  probable improved efficiency and flow range of  
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Nomenclature 
b Blade width (m) 
Cm Meridional velocity (m/s) 
Cu  Tangential velocity (m/s) 
N Rotational speed (rev/min) 
n Speed (rev/sec) 
P Static pressure (N/m2) 
Po Stagnation pressure or total pressure (N/m2) 
r Radius (m) 
R Radius ratio = r/r2 
U Impeller tip speed or peripheral velocity (m/s) 
W Specific work (m2/s2) 
x Axial distance (m) 
X Span normalized; non-dimensionalised axial distance = x/b 
Cp Static pressure coefficient 
Cpo Stagnation pressure coefficient or total pressure coefficient 
 Flow coefficient = Cm/U2 
 Efficiency 
 Energy coefficient = 2W/U22 
loss Stagnation pressure loss coefficient or total pressure loss coefficient = 2(P02-P0 22 
p Static pressure recovery coefficient = 2(P-P2 22 
 
Subscripts 
1 Impeller inlet 
2 Impeller exit 
3 Stationary vaneless diffuser inlet 
4 Stationary vaneless diffuser exit 
2BLADE Impeller blade exit 
2DISKS Impeller disks exit 
 
Abbreviations 
SVD Stationary vaneless diffuser with diffuser diameter ratio 1.4 with exit of the impeller 
ES10 Impeller with extended shrouds by 10% of the diameter at exit of the impeller (DISKS) 
 
low-to- n the vaneless diffuser with stationary 
sidewalls, the dynamic head and the logarithmic path length of the flow causing the shear losses are functions of 
the magnitude and direction of the absolute velocity leaving the impeller, whereas, if the vaneless diffuser 
sidewalls are rotating, the dynamic head and the path length of the flow causing the shear losses are a function of 
the magnitude and direction of the relative velocity in the diffuser, which is much smaller and more radial than the 
absolute velocity. With reduced friction and the lower tangential flow direction, tendency for backflow should be 
much smaller.  
 
     One particular type of rotating vane rotating vaneless diffuser, in which the rotating 
vaneless diffuser is integral with the centrifugal impeller and rotates at the speed equal to that of the impeller. The 
concept of rotating vaneless diffuser had stirred the imagination of centrifugal compressor designers for quite some 
time and one of the earliest publications on this concept was from J. Novak [1] in 1907, who reported significant 
performance improvements. Another attempt made by Erwin and Vitale [2], in which the rotating diffuser section 
was an extension of the rotor shroud.  However, tests by Northern Research and Engineering Corporation in 1976 
[3] had shown that the shroud extension beyond 25 percent of the backward swept impeller blade diameter, there 
was no improvement, but deterioration of performance.  
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     In the forced  rotating vaneless diffusers, one particular type experimentally investigated by Sapiro [4], in 
which the diffuser rotational speed equals to that of the impeller, is created by extending the impeller disks beyond 
the blades. Results from the tests indicates that the use of impeller extended shrouds for the purpose of improving 
efficiency of centrifugal compressor stages of low pressure ratio, backward swept impellers with vaneless 
diffusers, will only benefit and to a small extent, high specific speed stages. It will, however, be detrimental to low 
specific speed stages. The flow range in the region of acceptable efficiencies and the surge position, are not 
influenced by extended shrouds. Recently, Govardhan and Seralathan [5] as well as Seralathan [6] conducted 
numerical studies involving forced rotating vaneless diffuser concepts. The numerical investigations were done to 
study the effects of shroud extension on the flow diffusion and performance characteristics of a low pressure ratio 
radial tipped impeller of a centrifugal blower.  
 
     Rather astonishingly, a very few published literature exists in explaining in detail about the fluid mechanics 
involved by the effects of shroud extension to the compressor performance.  
rotating vaneless diffuser (impeller with extended shrouds), having shrouds extended by 10% above the diameter at 
exit of impeller, is the subject of this paper. The  objective  of  the  present  investigations  is  to  study in detail 
computationally  the effect of shroud extension on the flow diffusion and performance characteristics of  a  
centrifugal compressor.   The impeller with shroud extension of 10% of the diameter at exit of impeller and 
impeller without shroud extension are analyzed, while all the other dimensions remaining same. The comparisons 
are done with the basic impeller involving stationary vaneless diffuser.  
2. Centrifugal Compressor Details 
     The details of the low specific speed centrifugal compressor selected for the present investigation are given in 
Table 1. The experimental data of the centrifugal impeller chosen for the present investigations is available [7] and 
geometric model of the impeller is created with same dimensions to conduct the numerical investigations. The 
impeller with extended shroud (ES10) is created by extending the impeller disks by 10% of its diameter at exit of 
the impeller (D2 DISKS). The study is conducted at four different flow coefficients. These are design flow coefficient 
(  = 0.27) and three at above design flow coefficients ( = 0.30,  = 0.34 and = 0.37). 
 
Table 1:   Geometric dimensional details  basic impeller, impeller with extended shroud and stationary vaneless diffuser 
 
Impeller Stationary Vaneless Diffuser [SVD] 
Diameter at exit of the impeller D2 570 mm Diffuser Diameter ratio D4/D3 1.40 
Diameter at inlet of the impeller D1 215.2 mm Diffuser Outlet Diameter D4 798 mm 
Outer diameter to Inner diameter ratio D2/ D1 2.649 Diffuser Inlet Diameter D3 570 mm 
Diameter at exit of the impeller (Disks) D2 DISKS 570 mm Extended Shroud (ES10)   
Impeller with 10% extended shroud with 
respect to D2  DISKS 
Diameter at exit of the impeller (Blade) D2 BLADE 570 mm 
Number of blades z 18 
Width of the blade at exit  b2 27.6 mm D2 BLADE 570  mm 
Width of blade at inlet b1 58.5 mm D2 DISKS 627  mm 
Thickness of the blade T 6 mm D3 627  mm 
Blade angle at the inlet 1 44.6
o D4 798  mm 
Blade angle at the exit 2 90
o Other dimensional details of the impeller 
 remaining the same as mentioned in Table 1 Rotational speed of the impeller N 1500 rpm 
3. Computational Details 
3.1. Geometry and Mesh 
     The geometric modelling of the computational domain used for the numerical simulation of flow through 
centrifugal compressor stage study consists of an impeller blade and vaneless diffuser. This is done with the 
assumption that flow is periodic in each impeller blade passage and one blade passage (single passage approach) is 
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modelled and solved. This avoids the necessity of modelling the entire centrifugal compressor impeller domain, 
thereby saving enormous computational time and resources. The entire computational domain is meshed by 
generating unstructured grid using tetrahedral elements and with prism shaped cells in the near wall zones. Prism 
shaped cells are introduced to obtain a finer resolution in the boundary layer. The Y+ value for generated mesh near 
the wall zones is maintained according to the turbulence modelling requirements. At least seven prism layers are 
maintained in the near wall region. The geometry modelling as well as meshing is done using ANSYS ICEMCFD 
13.0. A good modelling of turbulence is necessary for obtaining a better prediction on flow separation. Standard     
k- - eynolds 
Averaged Navier Stokes equations and the results are compared with the experimental data available. As numerical 
values from k- to the experimental data, further investigations are carried out with this 
turbulence model. Grid independency studies are carried out to validate that the results are independent of the mesh 
being generated and the total number of elements including tetrahedral and prism, comes around 899831 and 
902109 elements for the computational domain involving SVD and ES10 configuration respectively. 
3.2. Boundary Conditions and Numerical Methodology 
     The boundary conditions specified for the computational domain are shown in Figure 1. The inlet of the 
computational domain is kept 102 mm ahead of the eye of the impeller in order to ensure that the inlet boundary 
conditions are not affected by the back pressure of impeller blade. The whole computational domain is mentioned 
as rotating frame of reference. Total pressure in stationary frame is given as boundary condition at the inlet. The 
reference pressure used for the simulation is 101.325 KPa and hence the relative total pressure at inlet is zero 
Pascal. The fluid used for simulation is air at 250C. The heat transfer model used for the simulation is total energy 
model. The turbulence model is k- 1%. Side walls 
of the computational domain are specified as rotational periodic boundary conditions. At outlet, mass flow rate is 
mentioned as per passage considering the number of the impeller blades in the computational domain. The blade, 
hub and shroud are given wall boundary conditions and rotating with angular velocity equal to that of domain. 
Therefore, they are stationary with respect to relative frame of reference. As the model contains a rotating 
(impeller) and a stationary domain (vanless diffuser), suitable interfaces are required between impeller and 
diffuser. The stationary domain (vaneless diffuser) is specified as counter rotating type because in a stationary 
frame of reference the diffuser wall does not rotate.  No-slip conditions are enforced on the walls and wall 
roughness is neglected by assuming it as a smooth wall. The numerical investigations are carried out using 
commercial CFD code, ANSYS CFX 13.0. Steady state solutions are computed until the residual values of 
computations got converged. The convergence criteria of RMS residuals for all the governing equations are 
resolved to 1 x 10-4 for the present computations. Mass averaged pressure at outlet is monitored as the target 
variable. 
 
Fig. 1. Boundary conditions for the centrifugal impeller with stationary vaneless diffuser and rotating vaneless diffuser by extended shroud 
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3.3. Validation 
 
     The results obtained from the steady-state analysis are compared with the experimental results obtained by 
Govardhan et al. [7]. The aim of the validation is to check the reliability of the present code, ANSYS CFX 13.0, 
with a confidence for the present investigations. Figure 2 compares non-dimensional static pressure distribution 
measured across the width at the exit of the radial tipped impeller alone for experimental and computational 
investigations. From the figure, it is seen that both computational and experimental static pressure distribution 
agree reasonably well. 
 
 
 
Fig. 2. Comparison of non-dimensional static pressure distribution measured across the width at the exit of the radial tipped impeller                
alone with various 0.37; N= 1500 rpm] 
 
4. Results and Discussion 
 
4.1  Performance Characteristics Analysis 
 
     The performance characteristics of the centrifugal compressor with SVD and ES10 configuration at the design 
speed of 1500 rpm for efficiency and energy coefficient against flow coefficient are shown in Figure 3 (a) and (b). 
is proportional to the volume flow rate through the machine. It is seen from the figure that 
maximum efficiency of ES10 is higher than that of SVD. The values are above SVD with an increased efficiency 
of around 3%. The efficiency decreases with flow coefficients for all the configurations. The value of energy 
coefficient gives an idea about the energy acquired by the fluid as it passes through the impeller and diffuser. The 
stable operating range of the compressor is determined by its peak value of energy coefficient and the choking 
limit. The e
the centrifugal compressor, at the design point was more in the case of ES10 compared to SVD.  
 
Fig. 3.  Performance characteristics curves for SVD and ES10 -  (a) Variation of isentropic efficiency (b) Variation of  energy coefficient 
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4.2 Diffuser Performance 
 
     The performance of diffusers is evaluated based on the physical properties of flow at the diffuser domain inlet 
and outlet. The diffuser performance is represented in terms of static pressure recovery coefficient, p and 
stagnation pressure loss coefficient, loss. Static pressure recovery coefficient gives an account of the amount of 
static pressure recovered from the available total energy at the diffuser domain inlet. The static pressure recovery 
coefficient against flow coefficient is shown in Figure 4 (a). Static pressure recovery coefficient, p, is defined as 
2(P - P2 U22, where P2 and P  are  mass  averaged  static pressure  at  impeller  exit  and  diffuser  exit  
respectively. The static pressure recovery increases with flow rates for SVD as well as ES10. Since the static 
pressure for shroud extend is higher than the SVD, static pressure recovery is also higher than SVD. This explains  
that  the  rate  of  diffusion  is  higher  in  shroud  extend  configuration compared to SVD. 
 
     The stagnation pressure loss coefficient ( loss) against flow coefficient is shown in Figure 4 (b).  Stagnation 
pressure loss coefficient, loss is defined as 2(P02 - P0 U22, where P02 and P0 are mass averaged stagnation 
pressure at impeller and diffuser exit respectively. The increase  in  stagnation  pressure  loss coefficient  indicates  
the amount of  losses  (mixing and  friction) occurred  in  the flow  passage. The stagnation pressure loss 
coefficient for SVD decreases slightly for increase in flow coefficient whereas for ES10, the losses remains almost 
constant up to flow coefficient,  and increases slightly afterwards. The losses in the shroud extend are 
lesser due to presence of rotating diffuser walls which reduces the shear between the through flow and walls 
compared to SVD.  Flow leaving impeller with a small absolute flow angle produce long logarithmic path lengths. 
For stationary vaneless  diffuser,  the  dynamic  head  and logarithmic path  length of  the  flow causing  the  shear  
losses are  functions of  the magnitude  and  direction  of  the  absolute  velocity  leaving  the  impeller, whereas,  if  
the vaneless diffuser  sidewalls are  rotating,  the dynamic head and  path  length  of  the  flow  causing  the  shear  
losses  are  a  function  of  the magnitude  and  direction  of  the  relative  velocity  in  the  diffuser, which  is much 
smaller  and  more  radial  than  the  absolute  velocity and relative flow angle will be much higher than the 
absolute flow angle. As a result,  frictional losses  in  rotating  vaneless  diffuser  will  be  smaller  than the 
stationary  vaneless diffuser.  The same is reflected for shroud extend, which have higher flow angles than SVD. 
Also, the boundary layer growth within the rotating vaneless diffuser is smaller than in the stationary vaneless 
diffuser and thus the compressor performance improves. 
 
 
 
Fig. 4 (a) Static pressure recovery coefficient for SVD and ES10  (b) Stagnation pressure loss coefficient for SVD and ES10 
 
4.3 Flow through a Centrifugal Compressor 
 
Meridional Velocity Distribution 
 
     The meridional velocity distribution across the width from impeller exit to the diffuser exit with various flow 
coefficients is presented in Figure 5 (a) and (b) for SVD and ES10. The area of the flow passage also increases 
with increase in radius, the meridional velocity decreases. Also, with a reduction of flow coefficient, the value of 
the meridional velocity decreases as expected and the trend of the variation is somewhat similar for all ranges of 
the flow coefficients in SVD and ES10. The meridional velocity is observed to be non-uniform for all flow 
coefficients in SVD and is fairly uniform for ES10. 
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Fig. 5 (a) and (b) Variation of non-dimensional meridional velocity with flow coefficient for SVD and ES10 measured across the width of the 
impeller and diffuser at radius ratios R = 1.05 and R = 1.57 
 
Flow angle at Exit 
 
     The variations of absolute flow angle across the width from impeller exit to the diffuser exit with various flow 
coefficients are presented in Figure 6 (a) and (b) for SVD and ES10. The flow angle increases with radius ratio for 
the SVD and decreases nearly equivalent to that at the exit of the impeller as the flow comes out of the diffuser. In 
SVD, the pattern of distribution of flow angle is almost similar for various flow coefficients across the radius ratio. 
Similarly, in ES10, the pattern of distribution of flow angle is almost similar for various flow coefficients across 
the radius ratio. The smaller values of flow angle obviously indicates a smaller meridional component of absolute 
velocity and for higher values of flow angle, the meridional velocity will accordingly be higher. The meridional 
velocity distributions across the width for various configurations observed at various radius ratios as shown in 
Figure 5 (a) and (b) exhibits peak values at the regions corresponding to peak values of flow angle. In SVD, the 
lower values of meridional velocity near the hub region indicate incomplete mixing of the wake and the persistence 
of axial non-uniformity of the flow. The peak value of the flow angle is observed for higher flow coefficients and 
flow angle got reduced, as the flow coefficient is reduced. 
 
Tangential Velocity Distribution 
 
     The tangential velocity distribution across the width from impeller exit to the diffuser exit with various flow 
coefficients is presented in Figure 7 (a) and (b) for SVD and ES10.  The variation of tangential velocity is almost 
similar to absolute velocity distribution. The reduction of the tangential velocity component from impeller exit to 
the diffuser exit results in static pressure rise along the diffuser path. Also, there is a reduction in tangential 
velocity with the increase in radius at all flow coefficients. Tangential velocities of ES10 for all the flow rates are 
higher than SVD.  The tangential velocity is observed to be smaller in magnitude near the hub which could 
contribute to smaller discharge angles and thus leading to smaller angles of incidence at the diffuser inlet. The 
magnitude of the tangential velocity is more at the exit of the impeller towards the shroud, which has contributed to 
higher angle of incidence at the diffuser inlet. 
1126   S. Seralathan and D.G. Roy Chowdhury /  Procedia Engineering  64 ( 2013 )  1119 – 1128 
 
Fig. 6 (a) and (b) Variation of exit flow angle with flow coefficient for SVD and ES10 measured across the width of the impeller and               
diffuser at radius ratios R = 1.05 and R = 1.57 
 
Stagnation Pressure Distribution 
     The stagnation pressure distribution measured across the width from impeller exit to the diffuser exit is 
presented in a non-dimensional form as stagnation pressure coefficient, Cpo = Po 22, where Po is the 
stagnation pressure, U2 is the impeller exit , in Figure 8 (a) and (b) for 
various flow coefficients. In SVD, at the exit of the impeller for = 0.37, which is higher than the design flow 
coefficient, the peak value of the stagnation pressure occurs near the shroud and the distribution is little non-
uniform across the exit width. As the flow coefficient is reduced, the point at which the peak value occurs gets 
shifted away from the shroud towards the mid channel and the distribution of stagnation pressure becomes a little 
more uniform for lower flow coefficients. Stagnation pressure decreases with increase in flow coefficient. The 
stagnation pressure decreases as the radius increases for all the flow coefficients. The decrease in stagnation 
pressure indicates the amount of losses that occur in the flow passage. The stagnation pressure drop is more for 
SVD due to the higher frictional losses occurring in the stationary vaneless diffuser passage compared to shroud 
extend. This is due to the reduced shear between the wall and through flow in the passage provided by the rotating 
vaneless diffuser walls and also by the additional energy imparted to the fluid by rotating walls of the diffuser. 
Static Pressure Distribution 
 
     The static pressure distribution across the width from impeller exit to the diffuser exit is presented in Figure 9 
(a) and (b) for various flow coefficients. Static pressure in general increases with radius due to flow diffusion. The 
magnitude of the static pressure at any section increases as the flow coefficient is reduced, similarly to the 
stagnation pressure distribution. The static pressure distribution across the width is fairly uniform at the exit of the 
impeller, as well as, in other locations. The ES10 offers higher static pressure rise than SVD, which is also 
reflected in the higher static pressure recovery at the exit of the diffuser. This explains that the rate of diffusion is 
higher in ES10 compared to SVD. In rotating vaneless diffuser, as the disks rotates, the fluid particles staying near 
the disk rotate with the same angular velocity. The angular velocity of the fluid particle will decrease with the 
distance away from the wall. The  increased kinetic energy of  the  fluid results  in  static  pressure  gain,  as  the  
flow  moves  to  higher  radius.  The  static  pressure is slightly higher near the walls  compared to the  mid    
location  where  the  fluid  particles  are  unlikely  to  gain  the  rotational velocity from the disks. 
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Fig. 7 (a) and (b) Variation of tangential velocity with flow coefficient for SVD and ES10 measured across the width of the impeller and 
diffuser at radius ratios R = 1.05 and R = 1.57 
 
 
Fig. 8 (a) and (b)  Variation of stagnation pressure coefficient with flow coefficient for SVD and ES10 measured across the width of the 
impeller and diffuser at radius ratios R = 1.05 and R = 1.57 
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Fig. 9 (a) and (b)  Variation of static pressure coefficient with flow coefficient for SVD and ES10 measured across the width of the              
impeller and diffuser at radius ratios R = 1.05 and R = 1.57 
5. Conclusions 
     The performance characteristics of SVD and ES10 in terms of efficiency, energy coefficient, stagnation 
pressure loss coefficient, static pressure recovery coefficient as well static pressure rise are analysed. A higher 
static pressure rise with reduced losses is achieved by ES10 compared to SVD, which indicate that the rate of 
diffusion is higher in the shroud extend configuration. Also, shorter flow path with higher relative flow angle 
causes reduced frictional losses in shroud extend configuration in comparison with SVD. The efficiency as well as 
energy coefficient of ES10 is higher than SVD. In summary, this indicates that the shroud extend configuration 
provides a simple, better and viable alternative to SVD, with very minor modification in the design of the 
centrifugal impeller, by extending the impeller disks alone. 
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